Supplementary results

Details of device simulation
Optimizing the parameters of the simulation
As the complexity of the virtual situation, the CNT network cannot be realized in 5 the finite element simulation. Here we calculated a part of CNT instead of the whole CNTs network. The CNT was deposited on the SiO2/Si substrate, covered by the 2D perovskite and contacted to the electrodes. Then we optimized the device to have the same transfer characterization curve as the experiment device. Following is the details about these parameters.
The length of the CNT is 10 nm, whose transfer characteristic curve is close to the experimental results. The cross-section shape of the CNT was also optimized and the CNT was flatted changing from cylinder to cylindroid, which is consistent with the real situation. The semi-major axis and semi-minor axis of CNT is 0.6 nm and 0.5 nm,
respectively. The length of electrodes is 1 nm and the 2D perovskite is 6 nm. The width of contact area is set 0.1 nm. The simulation cannot work if there is no contact area between 2D perovskite and CNT. And narrower width could cause non-convergence in calculation.
The SiO2 thickness also have to adjust due to the simplified of the CNT network.
We changed the SiO2 thickness from 300 nm to 2000 nm and found that 800 nm is the most accordant to the experiment (Shown in Figure S6 ). Besides, the change of SiO2 thickness does not affect the qualitative variation tendency of the average voltage on CNT to 2D perovskite dielectric constant. CNTs and perovskite is calculated. Shown in Figure S8 , it can be found that neutral point voltage is obviously moved to the negative half axis (-35V) and matches the previous hypothesis well.
Comparison of another channel shape
In order to show the irreplaceability of CNT, we calculated other channel shape under the same simulation setting. The cross-section of the channel is square ( Figure   S9 ). And the average voltage shows no obviously change with the 2D perovskite dielectric constant under both high doping and low doping ( Figure S10 ), confirming the cylindroid structure of CNT is also a key factor of photo-gating effect. 
Details of photomemory testing
Testing of two-valued photomemory
The microscopic mechanism diagram of the observed photomemory device is shown in Figure S11 . It needs to be made clear that, in the optical storage application, the unscreened neutral point of the device has been sent towards the negative gate voltage due to the suitable p-type doping, which is roughly in the position of -35V. The photomemory effect can be roughly divided into four states: 1. Vg = +20V, no light, 2. Vg = +20V, light, 3. Vg = +20V, no light, and 4. Vg = -20V, no light.
In the first state (Vg = +20V, no light), the migration barrier of the ions in the perovskite is high, so the photo gating effect on CNTs is not obvious. The CNTs are in the current-off state and the SD-current is small.
In the second state (Vg = +20V, light), the migration barrier of the ions in the perovskite significantly decreased, and the negative charge converged on the interface of perovskite and CNTs. The photo gating effect on CNTs became obvious, so as to suppress the regulation of CNTs by back gate voltage. The SD-current deviated towards the neutral point and the current significantly increased.
In the third state (Vg = +20V, no light), the pulse light source is turned off, leading to a significant increase in the migration of ions in the perovskite. At this time, the ions originally at the interface between CNTs and perovskite are trapped in the potential well, resulting in the constant conductivity of CNTs and the high current state. Since then, the optical memory has completed the flip from high to low resistance states.
In the fourth state (Vg = -20v, no light), the CNTs was fully opened, and the ions trapped at the interface between perovskite and CNTs redistribute in the perovskite under the action of the external field, so that the optical storage device recovered to initial state.
According to the description of the heterogeneous junction of perovskite /CNTs in the above four states, the enlarged time sequence corresponding to back gate voltage, pulse light source and SD-current is shown in Figure S12 below. 
Testing of multivalued photomemory
According to the description in 3.1, it is obvious that there are two methods to change the current values of the high-resistance state and low-resistance state respectively: the selection of back gate voltage and the light intensity. These two methods to modify the "0" and "1" values of optical memory respectively from the aspects of electrical multivalue and optical multivalue. However, in multi-value storage,
we often need to fix the position of "0" or "1" so that the multi-value is comparable.
Therefore, in the implementation of multivalued electricity, we set the compliance current of 2 µA, so that under different Vg, the low-resistance state SD-current is fixed at 2 µA, so as to achieve the multivalued high-resistance state. While in the realization of optical multi-value, we only need to set the same backgate voltage, so that we can obtain the same high-resistance current, and thus obtain multivalued low-resistance states by changing the light intensity.
